We investigated the use of the spatial ventricular gradient (VG) from vectorcardiogram (VCG) to determine whether significant repolarization differences were present in patients with WPW syndrome compared with normal subjects and also examined which VGparameter (i.e., elevation, azimuth, and magnitude) reflected the differences in repolarization properties during preexcitation. VG was calculated in 49 patients ofWolff-Parkinson-White (WPW) syndrome (group A: left-sided accessory pathway, n=29; group B: right-sided, n=20). Group N consisted of 607 normal subjects. In group A, the azimuth ofVG was significantly (p<0.01) greater than in groups B and N. In group B, the elevation of VGwas significantly (p<0.01) greater than in groups A and N. There were no significant differences in the magnitude of VGamonggroups. QRSduration was significantly (p<0.01) related with the elevation ofVG in group B. These findings suggested that VGis useful for spatial evaluation of repolarization abnormalities during preexcitation, which are related to the site of the accessory pathway. (Internal Medicine 34: 738-743, 1995) 
Introduction
The ventricular gradient (VG) introduced by Wilson et al ( 1 ) has been reported to be largely independent of the activation sequence and dependent on repolarization properties. Although Abildskov and colleagues confrimed this concept using QRST isointegral map (2) (3) (4) , they also reported small differences in the QRSTisointegral map resulting from the altered activation sequence (5) . Toyoshima and Burgess experimentally demonstrated that activation sequences modified refractoriness and suggested that this modification was attributable to electrotonic interaction (6) . Costard-Jackie et al measured monophasic action potentials during altered activation and found that the action potential duration slowly changed when the activation sequence was altered in rabbit hearts (7) . Recently, marked Twavechanges have been reported after catheter ablation in patients with manifest Wolff-Parkinson-White (WPW)syndrome (8) (9) (10) . These T-wave changes were speculated to be a continuation of repolarization abnormalities present before ablation (8) (9) (10) . Thus, it has been shown ex-perimentally and clinically that an altered activation sequence induces changes in repolarization properties (5, 6, (8) (9) (10) . However, there have been few clinical reports concerning the repolarization changes during the abnormal activation sequence because of difficulties in studying repolarization properties in the presence of abnormal activation (1 1, 12) . No report has shown which parameters (i.e., elevation, azimuth and magnitude) of spatial VGfrom vectorcardiograms (VCG) during preexcitation are associated with significant differences compared with normal subjects, and with a significant correlation between QRSdurations. The purposes of this study were to determine whetherany or all of the above-mentioned parameters are associated with reploraization abnormalities during preexcitation in patients with WPW syndrome compared with normal subjects, and to iden- Because the detials of data acquisition and the processing were reportedpreviously (15, 16), we will describe them only briefly. ECGsof leads X, Y and Z by Frank-lead system were recorded simultaneously. ECGdata were scanned by multiplexers, digitized by analog/digital converters at a rate of 1 ,000 samples/sec and stored on floppy disks. A 2-point baseline adjustment was performed by choosing the flat portion of the TP segment before P and after T deflection of the selected PQRST complex. After baseline adjustment, a root-meansquare voltage versus time curve was plotted to help identify the beginning ofP and QRSand the end ofT deflection, which were manually selected from this curve. The orthogonal components ofVGwere calculated by integrating each lead over the appropriate interval (expressed in mV»msec).In rectilinear coordinate axes of the body, posterior (Z), downward (Y), and leftward (X) directions were designated as positive. The left end of the X axis and the anterior end of the Z axis were, respectively, designated as 0°and +90°for the azimuth. The inferior end of the Y axis was designated as 0°for the elevation. Data sampling was performed at the expiratory level with the subject in the supine position. QRSduration was measured using arootmean-square voltage of leads X, Y and Z by two observers in blind fashion.
Statistical analysis
Values are expressed as mean±SD. Statistical analysis was performed using one-way analysis of variance test (when a significant effect wasobserved, group comparisonweremade using Scheffe' s test). A probability value of less than 0.05 was considered statistically significant.
Results
Ventricular gradient in representative patients with WPW syndrom e Twelve-lead ECGand VCGin a representative patient (37-year-old female) in group A are shown in Fig. 1 . The left lateral atrioventricular accessory pathway was successfully ablated in this patient. ECGshows positive delta and R waves in lead V2.
In the horizontal plane, the figure-of-eight pattern QRS loop was displaced anteriorly with the anterior delta deflection and the maximumQRSvector located in the left anterior quadrant. In the frontal plane, the direction of the delta deflection was to the left, inferiorly, with the QRS loop inscribed clockwise. The azimuth, elevation, and magnitude in this patient were 34°, 38°, and 93 mV«msec, respectively. Twelve-lead ECGand VCGin a representative patient (21 -year-old male) in group B are shown in Fig. 2 . The right posterior atrioventricular accessory pathwaywas confirmed by electropysiological study in this patient. ECGshows a positive delta wave with S wave in lead Vj and a negative delta wave in leads II, III and aVF. In the horizontal plane, the QRSloop inscribed counterclockwise was located to the left with the leftward delta deflection and the maximumQRSvector in the left posterior quadrant. In the frontal plane, the delta deflection and the rest of the QRSloop were oriented to the left, superiorly, with counterclockwise inscription. The azimuth, evevaltion, andmagnitude in this patientwere 15°, 106°, and 109 mV»msec, respectively. The QRSduration was 148 msec.
Differences in ventricular gradient in patients with WPW syndrome compared with normal subjects Table 1 shows the mean±SD of the azimuth, elevation and magnitude in groups A, B and N. The azimuth was significantly greater (p<0.01) in group A than in groups B and N. The elevation in group B was significantly greater (p<0.01) than in groups A and N. The elevation in group A was significantly greater (p<0.01) than in group N. There were no significant differences in magnitudeamonggroups.
Correlation between parameters of VGand QRSduration Figure 3 shows the correlation between elevation ofVGand QRSdurations in group B. The elevation was moderately but significantly (p<0.01) correlated with QRS durations in group Figure 1 . Twelve-lead ECG(A), frontal and horizontal planes ofVCG (B), and parameters from VG(C) in a patient (37-year-old female) of group A. In VCG, the delta deflection and QRSloop were oriented anteriorly with VGof 34°in azimuth, 38°in elevation and 93 mV»msecin magnitude.
eters of VGand QRS durations in group B.
Discussion
In the present study, we found significant differences in the azimuth ofVG in group A and in the elevation ofVG in group B as compared with group N. There were no significant differences in the magnitude of VGamonggroups during preexcitation even in the presence of differences in QRSTconfiguration. The elevation ofVG was significantly related to QRSdurations in group B.
Repolarization in WPW syndrome
It has been generally accepted that T-wave changes in patients with WPW syndrome are secondary to QRSchanges resulting from changes in activation sequences (17). However, alteration in the activation sequence has been reported to induce changes in repolarization properties (5, 6) . Toyoshima and Burgess demonstrated that collision of activation fronts shortens refractoriness at the site of collision compared with oneway propagation in dog hearts (6) . They speculated these findings were explicable by electrotonic interaction (6) . CostardJackie et al reported that the action potential duration measured by monophasic action potential slowly changed to maintain correlationship of the shorter activation time with the longer action potential duration whenthe activation sequencewas altered in rabbit hearts (7) . These findings have modified the classic concept of secondary T-wave changes. T-wave changes in patients with WPW syndrome may be caused by changes in repolarization properties resulting from preexcitation in addition to the classic secondary T-wave change. Figure 2 . Twelve-lead ECG (A), frontal and horizontal planes ofVCG (B), and parameters from VG(C) in a patient (21-year-old-male) of group B. In VCG, the delta deflection and QRS loop were oriented to the left, superiorly, with VGof 15°in azimuth, 106°in elevation and 109 mV»msec in magnitude. (1 1). Wereported the presence of repolarization abnormalities during preexcitation using QRST isointegral map (12). The present study showed significant differences in VGbetween patients with preexcitation and normal subjects. VGwas directed more anteriorly in group A and more superiorly in group B as compared with group N.
These findings suggested the presence of significant differences in repolarization properties and the spatial direction of the differences in patients with WPW syndrome compared with normal subjects.
Ventricular gradient
Wilson et al demonstrated that QRSTvalues in limb leads of ECGare independent of the activation sequence and introduced the concept of VG (1). Plonsey theoretically confirmed the concept if repolarization properties were not influenced by the activation sequence (1 8). Berkun et al showed no differences in spatial VGin patients with intermittent WPW syndrome and intermittent left bundle branch block (19). They reported that spatial VGis largely independent of the activation sequence. Onthe other hand, Okumuraet al also compared spatial VG during normal conduction and preexcitation in patients with intermittent WPWsyndrome and found significant differences in VGbetween the two activation sequences (20). However, because the difference was subtle, they concluded that it would be clinically acceptable to consider spatial VGto be independ- However,no report has comparedspatial VGin normal subjects with that in patients with left-sided or right-sided accessory pathway by analysis of variance. Although we showed the significant differences in VGamong patients with types A and B WPW syndrome and normal subjects in the present study, the concept of VGcannot necessarily be denied. Wepreviously reported that QRSTisointegral maps are largely independent of the activation sequence and dependent on repolarization properties (21). We think that VGis independent of the activation sequence as long as the altered activation sequence induces no charges in repolarization properties. But alteration of the activation sequence is reported to actually affect repolarization properties (6, 7) . Accordingly, the differences in VGin the present study reflected the significant changes in repolarization properties due to preexcitation in patients with manifest WPW syndrome as compared with normal subjects. Furthermore, there has been no report discussing the normal meanvalue of the azimuth, elevation and the magnitude of VGcalculated from data on more than 500 normal subjects.
Relationship between postablation T-wave changes and the present study
Kalbfleisch et al demonstrated T-wave abnormalities on
ECGfollowing radio frequency catheter ablation in patients with manifest WPWsyndrome (8) . They showed majorT-wave abnormalities after ablation, such as peaked T-waves in precordial leads (V2 to V5) and negative T-waves in inferior leads in patients with the left lateral and posterior accessory pathways, respectively. They further showed the concordance of the direction of delta wave with the direction of postablation Twave changes. Kalbfleisch et al suggested that these T-wave abnormalities resulted from myocardial memoryofpreablation repolarization properties, or the "cardiac memory"reported by Rosenbaumet al (22) . Helguera et al (23) also showed postablation T-wave abnormalities in almost the same leads as in a previous report (8) . However, there has been no report statistically comparing VGparameters between patients with WPW syndrome and normal subjects. In the present study, during preexcitation a significantly greater azimuth of VGin group A and a significantly greater elevation ofVG in group B were found compared with those in normal subjects. These findings are in accordance with aprevious study (8) that showed T-wave peaking in precordial leads in patients with left-sided accessory pathway and T-wave inversion in inferior leads in patients with right-sided accessory pathway in postablation 1 2-lead ECG.Our results thus provide supportive evidence for the continuity of the abnormalities before and after ablation. There were no significant differences in the magnitude of VGamong groups despite differences in QRSTconfiguration. Kalbfleisch et al (8) reported more frequent postablation Twave abnormalities in patients with a QRSduration of greater than 0. 1 second comparedto those with less than orequal to 0. 1 second. Because electrotonic interaction has been thought to be one mechanisms of repolarization modulationresulting from changes in activation sequences (8) , greater electrotonic interaction induced by greater QRSduration mayresult in greater postablation repolarization abnormalities. In the present study, there was no significant relationship between parameters ofVG and QRSduration in group A. On the other hand, there was a significant relationship between the elevation of VGand QRS durations in group B. The reason for this is not clear from this study. However the significant correlation in group B might be partly explained by the greater repolarization abnomalities resulting from greater preexcitation in patients with right-sided accessory pathways as compared with those with left-sided accessory pathways (9, 12) . These findings suggest that greater T-wave abnormalities after ablation in patients with less preexcitation may need further clinical investigation to determine whether they complicate repolarization abnormalities resulting from other causes such as injury due to ablation in addition to cardiac memory.
Limita tions
In consideration of the limitations, first, since our study population was small, further study with a greater numberof patients with the identified accessory pathway connection site is needed. Second, although we showed the presence of significant differences in repolarization during preexcitation, we did not directly measure the differences in the action potential.
However, it would be clinically difficult to record monophasic action potentials from both the endocardium and epicardium to investigate the cause of the repolarization abnormalities.
Conclusions
The present study showed that patients with WPW syndrome were associated with significant differences in direction ofVGduring preexcitation compared with normal subjects , and that the parameters with the differences were related to the accessory pathway site. QRSduration was significantly related to the VGelevation in group B. VGindeed may be useful in evaluating the spatial differences in repolarization properties in the presence of preexcitation, which is difficult using the conventional analysis of ECG.
